This experiment compared fertility of male broiler breeders with different crude protein (CP) intakes from diets containing 9.7%, 11.7% and 13% CP from 27 to 60 weeks of age (in two phases) and in a different group of birds from 52 to 60 weeks of age. This was to assess fertility of males with different CP intakes, as well as comparing fertility in older birds having been fed different protein intakes throughout production to those on a commercial ration for most of production. Sperm concentration and sperm mobility were assessed, as well as the number of points of hydrolysis in the inner-perivitelline membrane of eggs from commercial egg-type hybrids after insemination, which was used to predict egg fertility. There was no response to CP intake observed in sperm concentration or sperm mobility at any age. A positive effect of CP intake was observed in egg fertility towards the end of the production phase. While broiler breeder producers make use of separate sex feeding, the female ration is often fed to males in the appropriate amounts to achieve growth according to the target for males. However because it would be cheaper to include less CP in the ration, the effect of CP on breeder fertility is important. This experiment showed that reducing CP to 117 g/kg in male broiler breeder rations fed throughout the production phase had minimal negative effects on sperm quality, however, increasing CP intake towards the end of production may positively impact egg fertility.
Introduction
Despite the use of separate sex feeding, many producers feed a female ration to both male and females, at different intakes, calculated to allow adherence to the growth curve for each. While this may be of practical value, crude protein (CP) is one of the most costly components of the feed, and the nutrient requirement of males for protein is lower than that of females. Previous research has suggested that male breeders can be fed lower CP diets with no adverse effects on semen quality or testes characteristics (Wilson et al., 1988 , Hocking, 1989 , Revington et al., 1991 . There was no effect of feeding of a 9% CP diet on semen volume, concentration, number of spermatozoa per ejaculate or testes weight (Wilson et al., 1987) , or feeding an 8% CP diet on semen volume or metabolic activity of spermatozoa (Hocking, 1989) . No differences in semen concentration or egg fertility were observed after feeding males a 12% or 14% CP diet (Fontana et al., 1990) . However, male broiler breeders fed 12.6% CP produced sperm that resulted in a longer fertile period after insemination than those fed 10.5% and 15% CP (Tyler & Bekker, 2012 ). Other negative reports of feeding an excess of CP include those of Hocking (1989) where the proportion of males producing semen declined with an increase in CP intake, and sperm concentration and testicular function were reduced in males fed a 16% CP diet (Hocking & Bernard, 1997) . Males fed a low CP diet (11%) also showed a slower age-related decline in fertility than those fed a 16% CP diet (Hocking, 1990) . Those fed excessive CP (40%) developed articular gout and were culled at 39 weeks (Hocking, 1989) .
Crude protein is one of the most costly components of poultry feed and protein which is not utilised in body gains or production cannot be stored and has to be converted into uric acid and eliminated from the body, a process that requires energy, which could result in a relative energy deficiency. There are also environmental concerns about nitrogen losses in animal waste and the resultant negative impact on fresh water supplies, and broiler breeders fed excess protein or feeds with an incorrect amino acid profile will excrete the excess nitrogen and feeding a diet lower in CP can reduce this (Lopez & Leeson, 1995) .
To date, there is no research investigating the effects of CP intake during the production phase on fertility of broiler breeder males using more recent sperm quality measures, such as sperm mobility or points of sperm hydrolysis in the inner perivitelline layer (IPVL). These measures are thought to be more indicative of fertilising potential as they are actually indicators of sperm sequestration within the sperm storage tubules in the hen (Froman & McLean, 1996) . The advantage of assessing IPVL holes in eggs from commercial eggtype hybrids after insemination is that variation in female fertility is much reduced compared to assessing fertility using broiler breeder females.
For ease of management, males are often fed a female diet, which has a higher CP content. A high CP (female breeder) diet fed to the males during the breeding period was associated with a decline in fertility from 45 to 60 weeks of age (WOA) compared with that of males fed a low CP diet (Hocking, 1990) , which could have negative consequences on flock fertility.
Therefore, the objective of this experiment was to evaluate the effect of three different dietary CP levels on male broiler breeder fertility in the production phase, assessed by sperm concentration, sperm mobility and sperm penetration holes of the IPVL of oviposited eggs of commercial egg-type females after insemination.
Materials and Methods
One hundred and forty-four Ross 308 broiler breeder males, 72 at 27 WOA (Group A) and 72 at 52 WOA (Group B) were placed in individual cages (60 cm wide x 44 cm deep x 60c m high) in one of 6 lighttight rooms (12 birds per room). Birds were provided with a 13 h photoperiod (06:00 to 19:00) after having been reared on a 9 h photoperiod (Lewis et al., 2008) . Two groups of males of different ages were used to determine whether changing diets towards the end of production, when fertility traditionally declines, would be different to having been on a standard CP intake from soon after the start of production.
Prior to the start of the experiment (from 20 WOA for Group A birds and 35 WOA for Group B birds) a commercial breeder feed (130 g CP/kg, 11.7 MJ ME/kg) was provided. The birds were weighed individually every two weeks and the feed allocation for the Group A and Group B males adjusted to adhere to the growth curve recommended by the primary breeder. During this time birds were trained to produce a semen sample which was analysed for mobility (Froman & McLean, 1996) using a Turkey Mobility Analyser 591B (ARS, Chino, CA), calibrated for use in chickens. The 72 Group A males were selected from 79 and the 72 Group B males from 122. Those with the highest mobility scores with a body weight (BW) close to that recommended by the primary breeder were selected in an attempt to reduce variation between birds. Males in each age group were ranked according to sperm mobility index and placed in rooms, such that the first 12 birds with the highest mobility scores were allocated to rooms 1 to 12, the next 12 birds then allocated to rooms 1 to 12, until all birds had been allocated to rooms.
The birds were provided with ad libitum access to water throughout the experimental period and randomly allocated to one of three dietary treatments (a low, medium or high CP diet, respectively) within a room (4 birds/room on each treatment). Two iso-energetic diets were formulated to contain either low protein or high protein. Except for the CP, both diets were formulated according to the breeder nutrient specifications of a male breeder feed from 24 weeks onwards (Aviagen, 2007) . A third intermediate diet was then blended from the high and low protein diets. A sample of each experimental diet was then analysed for nutrient composition (Table 1 ). This resulted in the three diets containing 9.7%, 11.7% and 13% CP ( Table 1) .
The Group A males were allocated 130 g/bird/day from 27 -41 WOA (phase 1) and 142 g/bird/d from 42 -60 WOA (phase 2). The Group B males received a feed allocation of 145 g/bird/day from 52 to 60 WOA. This resulted in a daily CP intake of 12.6, 15.2 and 16.9 g for the Group A males (phase 1), 13.7, 16.6 and 18.5 g for the Group A males (phase 2) and 14.0, 17.0 and 18.9 g for the Group B males and a cumulative CP intake (during the experimental period) of 3057, 3697 and 4117 g CP for the Group A males (phase 1 and 2) and 784, 952 and 1058 g CP for the Group B males.
Semen samples from the Group A males were collected for analysis at 27, 29, 32, 35, 41, 47, 52, 55, 58, and 60 WOA and at 52, 54, 57 , and 60 WOA for the Group B males. The semen from males on the same treatment in each room was pooled prior to analysis. Each sample was tested for sperm concentration and sperm mobility index (Froman & McLean, 1996) using a Turkey Mobility Analyser Model 591B (Animal Reproduction Systems, Chino, CA), calibrated for use in chickens. The sample was then diluted (Poultry Motility buffer (Animal Reproduction Systems, Chino, CA) to contain 100 million sperm/50 μL. One hundred and eighty commercial Lohmann egg-type hens were used to test the fertility of the sperm. This was to reduce the female bias on fertility as commercial egg-type hens are known to have high fertility. The hens were 37 WOA at first insemination and housed in cages (50 cm wide x 50 cm deep x 50 cm high) containing either two or three birds per cage (with birds in a cage all inseminated with semen from males on the same treatment). Each were inseminated with a 50 μL volume of semen (100 million sperm) resulting in 5 hens per replication. Eggs were collected on days 2, 5 and 8 post-artificial insemination (PAI) and stored in a cold room at an average of 14 °C for no more than two weeks before being assessed for the number of points of sperm hydrolysis in the IPVL (Bramwell et al., 1995) . The slides were examined on the same day they were prepared using a light microscope (4 × magnification) and captured with a digital camera. The points of sperm hydrolysis were counted in a 4 mm 2 area around the germinal disc and the number of points of sperm hydrolysis per mm 2 was calculated. Wishart (1997) showed that eggs had maximum fertility when more than six spermatozoa per mm 2 penetrated the IPVL around the germinal disc, so the fertility of each egg, based on the number of sperm holes, was predicted.
There were no mortalities recorded in either group for the duration of the trial. At 63 WOA the Group B males were euthanized by electrical stunning and severing of the jugular vein, and the testes removed and weighed. Ethical approval for this study was granted by the UKZN Animal Ethics Committee (Ref 094/12) .
Body weights at each 2-week interval were subjected to a general ANOVA to determine if there were any differences in BW with CP intake over the experimental period for each group of birds, as well as simple linear regression to determine if there was any response in BW to CP intake. Simple linear regression was performed to determine if there was a response in sperm concentration and sperm mobility to CP intake at each collection time and within Group A males (phase 1), Group A males (phase 2), and Group B males. This also included the same regressions for cumulative CP intake of birds in each group/phase. GenStat 17 was used for these analyses (VSN International Ltd, 2014) .
A binary logistic regression using SPSS Statistics 22 (IBM, 2013) was performed to determine the effect of CP intake on the predicted fertility of eggs for the Group A males (phase 1 and 2) and the Group B males at each day post-insemination (2, 5, and 8 days). The data for the IPVL holes were not normally distributed and no transformation provided a normal distribution; therefore, analysis was only performed on the prediction of egg fertility from this data.
The average testes weights from birds on each treatment were subjected to a general ANOVA. The left and right testes weights (Group B males) from birds on different treatments were compared by performing a paired t-test using GenStat 17 (VSN International Ltd, 2014).
Results and Discussion
Overall, there was no significant response seen in BW to CP intake in both phases in the Group A males as well as in the Group B males. However, at 40 WOA the Group A males in phase 1 fed the high CP diet had a significantly lower (P <0.05) BW than the birds on the low and medium CP diets, and to the breeder recommended weight. However, when feed allocation was increased at 42 WOA, these birds rejoined the standard curve and no significant difference in BW between birds fed different CP diets was observed at any other stage. Adherence to the recommended BW growth curve during rear is necessary. Breeders reared on a concave growth curve (under target in early rearing and then increased feed allocation towards the end of rearing) required more energy (∼15 kcal ME/male/day) to sustain fertility after 40 weeks of age (Romero-Sanchez et al., 2007) . Avoiding excess BW in the production phase is also important, as a lack of control is an important cause of the age-related decline in fertility (Hocking & Duff, 1989) , associated with musculoskeletal lesions and broad-breasted males who may find it anatomically difficult to achieve cloacal contact with hens, thereby reducing fertility.
The only significant response in sperm concentration to CP intake was observed in the Group A males at 27 weeks of age (P <0.05) where a slight negative slope (-0.18) was observed, but only 28% of the variance was accounted for. No significant response in sperm mobility to CP intake was observed at any collection time. No significant response in sperm concentration or sperm mobility index to cumulative CP intake was observed in any of the groups. The lack of response in sperm concentration to CP intake is similar to that observed by Wilson et al. (1988) and Revington et al. (1991) . Sperm mobility, however, has not previously been used to assess the impact of CP intake, and the results from this experiment show no response in sperm mobility index to CP intake. Froman & Feltmann (1998) showed that males classified as having either high or average sperm mobility phenotypes remained in the same classification over time, so it is possible that the phenotypic expression of the sperm mobility genotype of a bird may not be influenced much by environmental factors, such as feeding regime. Thus, it appears that at the CP intakes used in this experiment, no effect at the cellular level was observed and there was no influence of CP intake on either the sperm concentration or the sperm mobility, which is considered a more accurate measure of fertilising potential of the sperm produced.
There was also no significant effect of CP intake on the number of predicted fertile eggs (those with >6 sperm holes per mm 2 ) at day 2, 5 or 8 PAI in the Group A males (phase 1) and CP intake contributed negligibly to variance in egg fertility. However, in older birds (Group A males phase 2 and Group B males), a significant (P <0.05) positive effect of CP intake was observed on predicted egg fertility at day 2, 5 and 8 PAI (except at day 8 PAI in Group A males phase 2) ( Table 2 ). These models correctly classified between 59% and 79% of predicted egg fertility, and eggs were up to 1.39 times more likely to be fertile per unit increase in CP intake; however, in each case, the model only explained between 1% and 10% of the variance in egg fertility and therefore should be interpreted with caution. The slight benefit in a higher CP intake seen in prediction of fertile eggs could indicate the need to increase CP intake as birds age, due to the likely decrease in efficiency of utilisation of amino acids which is observed in laying hens (Wethli & Morris, 1978 , Silva et al., 2014 and possibly female broiler breeders (Ciacciariello et al., 2013) . Romero-Sanchez et al. (2008) also suggested that the decline in fertility can be reduced by increased feed allocation later in production, which would allow for a decrease in utilisation of feed, but the increase in BW could also negatively affect mating ability, and therefore an increase in CP content of the diet would be of greater advantage than a feed allocation increase. These results also indicate that the potential benefit would be regardless of previous CP intake, with a benefit seen in birds fed a commercial ration until 52 weeks of age, as well as those fed different CP treatments from 27 weeks of age. There was no significant difference in the average testes weight in males with different CP intake, indicating that semen production was not influenced by CP intake. However, the average left and right testis weights were significantly different in birds fed 14.0 and 18.9 g CP per day from 52 to 63 weeks of age (P <0.05), but not in birds fed 17.0 g CP per day from 52 to 63 weeks of age (Table 3) . Asymmetry may be an indicator of stress (Yang & Siegel, 1998) , which could imply that the medium CP intake was more beneficial than the lower or higher intake. However, a number of studies have reported heavier left testis weights in broiler breeders (Wolanski et al., 2004 , Tyler & Gous, 2009 with no negative impact on fertility. The asymmetry observed at the lower and higher CP intakes could also have been present before 52 weeks of age before dietary treatments were started in these birds.
Neither the lowest level of dietary CP used in this experiment, formulated to be at the lower limits of practical value, or the high protein diet, formulated to result in a protein intake similar to that provided by a female breeder ration, impacted fertility negatively during production; however, protein deficiencies may have a more pronounced affect during rearing and development, and at the end of production. While little research in poultry was found regarding the role of protein in reproductive tract development, protein plays a role in the development of seminiferous tubules in rats, where protein deficiencies during development led to reduced seminiferous tubule diameter, reduced epithelial cell height, as well as reductions in testicular DNA and RNA (Vawdaw & Mandlwana, 1990) . The role of proteins has been shown in the maturation of sperm in the human epididymis (Kirchhoff et al., 1998 , Moskovtsev et al., 2007 , as well as the prevention of spermatozoal defects in humans (Zhao et al., 2004) . A 12% CP diet was not shown to be deficient in rearing, where male broiler breeders had significantly greater fertility throughout the production period than those fed 17% CP in rear (Romero-Sanchez et al., 2007) . Those fed higher CP in rear also required more energy later in production to sustain fertility. While the body weights were higher in these birds during rear, the drop in fertility during production was not attributed to a higher maintenance cost, because body weights were not significantly different after 32 weeks of age.
The amino-acid profile has also been shown to influence sperm quality in monkeys. When monkeys were fed high levels of protein, the source of protein (animal versus plant-based) had no significant effect on sperm quality parameters, but when levels of protein in the diet were reduced, those fed animal-based protein diets had lower sperm counts, reduced sperm motility and greater morphological defects. This indicates that perhaps the amino acid profile, with fewer sulphur-containing amino acids found in plant-based proteins, are more beneficial to sperm quality (Johnson & Veith, 2001) .
Potential limitations to this study include that broiler breeder males were caged individually so there are no behavioural considerations taken into account, such as hierarchy set up or mating behaviour, that are known to influence fertility.
Conclusion
There was no conclusive evidence that lower CP intakes had a negative effect on male broiler breeder fertility or body weight, and therefore it may be cost-effective to feed males a separate feed, formulated to contain less CP, than feeding a female ration, although feeding a typical female ration should not have negative consequences on fertility either. It is possible that increasing the CP intake towards the end of production could reduce the decline in fertile egg production as bird's age.
